Glucocorticoid receptors in ATP-depleted cells. Dephosphorylation, loss of hormone binding, HSP90 dissociation, and ATP-dependent cycling.
Dependence of hormone binding to glucocorticoid receptors (GRs) on cellular ATP levels suggested that GRs traverse an ATP-dependent cycle, and without ATP accumulate in forms that cannot bind hormone. Such "null" receptors (NRs) were identified in ATP-depleted WEHI-7 cells, where they are tightly associated with the nuclear fraction and partly dephosphorylated. With WCL2 cells (Chinese hamster ovary cells with overexpressed GRs) depleted of ATP with azide, we have now identified dephosphorylated sites on NRs, studied possible roles of phosphorylation using GR mutants, and measured association with the 90-kDa heat shock protein (hsp90). Most NRs in WCL2 cells are dephosphorylated at serines 220 and 234, but GRs with those serines mutated to alanines do not resemble NRs since they bind hormone. They do not associate strongly with nuclei. On azide treatment, however, mutated GRs lose hormone binding capacity faster than normal GRs. Association of hsp90 (and presumably other heat shock proteins) with cytosolic GRs is drastically reduced by azide treatment, sufficient to account for decreased hormone binding. We conclude that: (a) dephosphorylation of GRs does not yield NRs, but may weaken association with hsp90. (b) The postulated ATP-dependent GR cycle can be accounted for by dissociation, and ATP-dependent reconstitution, of GR-hsp90 complexes. (c) ATP depletion blocks reconstitution of complexes. Uncomplexed GRs may accumulate as one form of NR; they are probably also the precursors for other forms of NR.